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RESULTS OF TESTS ON A O.OI75-SCALE MODEL (60-0) OF

THE SPACE SHUTIq_E ORBITER TO DETER4INE RE-ENT_ MODE

CONVEC_ HEAT TRANSFER RATES ON THE UPPER WING

SURFACE AND SSME NOZZLES IN THE AEDC VKF "B"

mmmmo ic (CE98)

by

C. L. Berthold and John Marroquin

Rockwell International, Space Systems Group
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ABSTRACT

\

A. O.O175-scale thln-skin thermocouple space shuttle orbiter model,

constructed to Rockwell drawing VLTO-OOOlhOC lines, was tested in the

AEDC %9[F "B" hypersonic wind tunnel during the period from June 17 to

June 23, 1976 and on July 26, 1976. The test identification number was

C_98 (AEDC Project V_IB-JTA) and the model was designated as 60-0.

The investigation was concerned with entry mode convective heat-

transfer rates on the Rockwell International space shuttle orbiter

configuration with primary objectives as follows:

1. To obtain spanwise heating distributions on the upper

wing surface.

2. To determine the effect of the "hat band" protuberances

and I/_2 cooling lines on the SSME nozzle heating.

3. To update clean nozzle heating distributions with body

flap and elevon deflections.

The model was tested at various test conditions as shown in Table I.

The model was tested at angles of attack of 25 ° to 45 ° with zero

! iii



ABSTRACT (Concluded)

yaw. The Reynolds number varied from 0.5 to 3.7 x 106/ft. at a nominal

Mach 8. Orbiter control surfaces were deflected as shown in Table II.

A total of 377 runs were obtained. In addition to the heat-transfer

data, 26 runs of oil flow visualization were obtained. A total of 56

occupancy hours were accumulated between June 17 to June 23, 1976 and On

July 26, 1976.

iv
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INTRODUCTION

This report contains information pertaining to wind tunnel test 0H98

in the AEDC VKF "B" hypersonic wind tunnel. The test was conducted

during the period from Jkme 17 to June 23, 1976 and on July 26, 1976,

for a total of 56 occupancy hours.

This investigation was concerned with entry mode convective heat-

transfer rates on the Rockwell International space shuttle orbiter
z

configuration with primary objectives as follows:

I. To obtain spanwise heating distributions on the upper wing

surfac e •

2. To determine the effect of the "hat band" protuberances and

IH 2 cooling lines on the SS_[E nozzle heating; and

3. To update clean nozzle heating distributions with body flap

and elevon deflections.

The 60-0 model was built to the VLTO-OOOI_DC configuration and is

basically constructed of 17-_ PH stainless steel. Instrumentation areas

are fabricated from 15-5 PH and 17-4 PH stainless steel with a nominal

skin thickness of 0.030 inches. The protuberances on the lower right

nozzle, used to simulate the "hat bands" and L_ 2 cooling lines were

fabricated from MACOR to avoid thermal conduction.

Tests were conducted under conditions simulating free air at Mach

8.0 with corresponding Reynolds numbers of 0.5 to 3.7 x 106/ft. The model

attitude varied in angle-of-attack from 25 ° to 45 ° with zero angle of

yaw.

Measured quantities during the test included tunnel conditions,

model attitude, elevons and body flap control surface positions and the

3



INTRODUCTION(Concluded)

thermocouple outputs.

A total of 377 runs were accomplished in 56 occupancy hours, test

dates were June 17 to June 23, 1976 and July 26, 1976.



NOMENCLATURE

SYMBOL DEFINITION

ALPHA-MODEL, a model angle-of-attack, deg.

ALPHA

ALPHA-PREBEND,

apB

ALPHA-SECTOR

b

B/2

BV

Cp

C

CONFIG. , MOD

DELTABF, _BF
BDFLAP

DELTAE, _E
ELEVON

DTWDT, dTW/dt
DTW/DT

FRP

GROUP

H(TO)

_(o. 9TO)

H (0.85TO)

BETA, 8

STING

sting prebend, deg.

tunnel sector angle, deg.

model wall thickness, inches or feet as noted

total model wlng seml-span, in. (see Figure i)

vertical tail span with origin at Zo = 500, in.

•model wall specific heat, Btu/ibm-°R

local wing or tail chord, in. (see Figure i)

configuration definition

body flap deflection angle, deg.

elevon deflection angle, deg.

derivative of the model wall temperature wlth respect to

time, °R/sec.

fuselage reference plane

data identification number

Q-DOT , Btu
heat-transfer coefficient, TO - TW ftf-sec-OR

Q-DOT , Btu
heat-transfer coefficient, (0.9TO) - TW ft2-sec-OR

heat-transfer coefficient, Q-DOT ,, Btu
(0.85T0) - TW ft2'sec°R

model angle of sideslip, degrees

sting configuration



SYMBOL

HREF, HREF-FR

LH 2

Lo

MACH NO.

MODEL

MU-INF, MU

NOZZLE ALPHA,

aN

NOZZLE ROLL,

_N

BN

PHI N, _N

P-INF, P

PO

Q-DOT, QDOT

Q-INF, Q

NOMENCLATURE (Continued)

DEFINITION

reference heat-trar_er coefficient based on Fay-Riddell

theory, Btu/ft2-sec-°R

8. 139 (POI) 0.5 (MU-0) O. 4 (I - P-INF/FOI) 0.25

HREF = (RN)0. 5 (To)O.15

Eo.zz3s+ o.ooool3s(TO+ s60)]

where

POI = stagnation pressure downstream of a normal shock,

psia

MU-O = air viscosity based on TO, Ibf-sec/ft 2

RN = reference nose radius (0.0175 ft.)

liquid hydrogen

model centerline reference length, in.

freestreamMach number

model number

freestream viscosity, ib-sec/ft 2

nozzle pitch angle, deg.

nozzle roll angle, deg.

nozzle sideslip angle, deg.

angular coordinate in cross sectional plane of SSME

nozzles

freestream pressure, psia

tunnel stilling chamber pressure, psia

heat-transfer rate, Btu/ft2-sec

freestreamdynamic pressure, psia

)



(
SYPIBOL

I_/FT, P_/L

RHO/INF, P_IO

ROLL-MODEL

SSME

STN NO

t

TC-NO.

T-INF, T

TO

TW

V-INF, V

w

X

XN

X o

XW

THETA

NOMENCLATURE (Continued)

DEFINITION

freestreamReynolds number per ft., ft-I

freestreamdenslty, slug/ft 3

model roll angle, deg.

space shuttle main engine

theoretical stagnation point Stanton number for a 0.0175-

ft. (i scale ft.) radius sphere calculated from Fay-

Riddell theory

STN NO =

HREF

[0.2235 + 0.0000135(TO + 560)] (32.174)(RBO-INF) (V-INF)

time from start of model injection cycle, sec.

thermocouple number

freestreamtemperature, °R

tunnel stilling chamber temperature, OR

model wall temperature, OR

freestreamvelocity, ft/sec

model wall density, ibm/ft 3

longitudinal coordlnatewlth origin at model nose, in.

axial coordinate with origin at nozzle exit plane for

SSME nozzles, inc.

longitudinal coordinate with origin 235 in. (full scale)

upstream of the vehicle nose, in.

longitudinal coordinate with origin at wing leading edge,

in.

radial location of temperature pickup



NCMENCLATURE(Concluded) 1

Y, Yo

YAW

Z

Zo

ZV

Subscripts

i

lateral coordinate, in.

model yaw angle, deg.

vertical coordinate, in.

vertical coordinate, in.

vertical coordinate from Zo --500, in.

initial condition



CONFIGURATIONS INVESTIGATED

The test article was a O.Ol75-scale thin-skin thermocouple model of

the space shuttle orbiter and was designated model 60-0.

Basic model construction was in compliance with Rockwell Inter-

national drawing VLTO-000140C. The orbiter was fabricated of 17-_ PH

stainless steel. _ne nominal skin thickness was O.030-inch and the

protuberance on the lower right nozzle, used to simulate the "hat bands,"

were fabricated from MACOR to avoid thermal conduction.

The following nomenclature was used to designate the primary orbiter

components tested during C_98.

0 = B62, Cl2, E52, FI0, M16, RI8, V 8, WlI6

Component

B62

C_ can_y

E52 elevon

F_ body flap

M16 GMS pod

RI8 rudder

V 8 vertical

WII 6 wing

Definition

configuration 14OC orbiter fuselage, similar

to I_OA/B fuselage except aft body revised

enclosure on forebody, vehicle cabin #31

updated to MCR 200-R4

four individual movable panels on the wing

for pitch and roll control configuration

14OC with the 6.0-inch gap

configuration 14OC body flap - hingeline

located at Xo = 1532, Zo = 287

orbital maneuvering system pods on upper

aft body

vehicle 5, configuration MCR 200

configuration I_OC orbiter vertical tail

"double-delta"-shaped primary lifting surface

dihedral angle along trailing edge of wing -

geometric twist = 0

( 9



CONFIGURATI0_S INVESTIGATED (Concluded)

S bol

Conflg. #i

Conflg. #2

Conflg. #3

Config. #4

Config. #5 elevon-elevon gap-filled

Config. #6 construction gaps open

Testin_ was conducted using two model mounting schemes.

Definition

hardware added to body flap (Fl0) to produce a

rectangular planform (see Run Schedule)

wedges added to aft side of fuselage

plate extension of fuselage side and body flap

elevon/fuselage gap-filled reference run schedule

For data

groups 1 - 28A, the model was supported by an offset sting arrangement

mounted in place of the vertical stabilizer as shown in Figure 2a. This

was referred to as the '_ockey stick" sting arrangement and encompassed

the measurement of 98 thermocouples located in the nozzle and right upper

wing areas.

The alternate installation consisted of supporting the model on an

arrangement mounted through the model base as shown in Figure 2b. This

configuration was used for groups 285 - 351. The two model mounting

schemes were used to study any relative effects they might have on the

upper wing data.

I0
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I_STRI_ENTATI ON

The orbiter model was instrumented with 300 thirty-gauge iron

constantan thermocouples of which only 98 thermocouples were hooked up

for data acquisition. The orbiter instrumentation reference system is

shown in Figure i.

Thermocouple locations on the model are presented in Figures 2c

through 2e. The dimensional locations of the instrumentation and the

local skin thickness at each position are given in Table IV. A summary

of the thermocouple hookup used is given in Table V.

ii



TEST FACILITr DESCRIPTION

The Arnold Engineering Development Center (AEDC) is an Air Force

Facility located in Tullahoma, Tennessee. _ne tunnel used, Tunnel B, is

located in the von Karman Facility portion of this center. Engineering

and other technical operations in this tunnel are performed by contractor

personnel of ARO 2 Inc.

Tunnel B is a continuous, closed circuit, variable density wind

tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test

section. The tunnel can be operated at a nominal Mach number of 6 or 8

at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,

and at a stagnation temperature of up to 1350°R. The model may be in-

Jected :_:.tothe tunnel for a test run and then retracted for model cool-

ing or model changes without interrupting the tunnel flow. A detailed

description of the facility may be found in Reference 5.

12



DATA REDUCTION

The reduction of thin-skin thermocouple data normally involves only

the calorimetric heat balance, which, in coefficient form, is

d Idt (l)=

Radiation and conduction losses are neglected in this heat balance,

and data reduction simply requires evaluation of dTW/dt from the temper-

ature-time data and determination of model material properties. For the

present tests, radiation effects were negligible; however, conduction

effects were potentially significant in several regions of the model.

To permit identification of these regions and improve evaluation of the

data, the following procedure was used.

Separation of variables and integration of Equation (I), assuming

constant w, b, cp, and TO, yields

H(TO---_)(t"ti)=wbcp _n(T0 " :i)TO (2)

Since H(_O)/wbcp is a constant, plotting In[(T0 - _i)/(T0 - _)]

versus time will give a straight line if conduction is negligible. Thus,

deviations from a straight line can be interpreted as conduction effects.

The data were evaluated in this manner, and generally a reasonably

linear portion of the curve could be found for all thermocouples. A

linear least-squares curve fit of _n[(T0 - TWi)/(TO - TW)] versus time

was applied to the data beginning at the time when the model reached

tunnel centerline and extending for a time span which was a function of

13



the heating rate, as shown below."

dTW/dt -> 32 5

16 < dTW/dt <. 32 7

8 < aTW/dt <. 16 9

4 < dTW/dt <. 8 13

2 < dTWldt <. 4 17

1 < dTWldt <. 2 25

dTW/dt <. l 41

In general, the time spans given above were adequate to keep the

evaluation of the right-hand side of Equation (2) within the linear

region. Strictly speaking, the value of Cp is not constant, as assumed,

and the following relations

Cp = 0.0645 + (5.8 x 10 -5 ) TW, (15-5 PH stainless steel)

cp = 0.0795 + (5.7 x i0-5) TW, (17-4 PH stainless steel)

were used with the value of Tw at the midpoint of the curve fit. The

maximum variation of cp over any curve fit was less than +1.5 percent;

thus, the assumption of constancy was not grossly violated. The value

of density used for each type of steel was

w = 490.75 ibm/f%3 (15-5 PH stainless steel)

w = 490.0 ibm/ft3 (17-4 PH stainless steel)

The relation for cp and the values for density were furnished by

Rockwell.

14
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DATA REDUCTION (Continued)

Thermocouple outputs were recorded using the VKF digital data

scanner in conjunction with a Beckman 210 digital data system. The

thermocouple outputs were scanned at the nominal rate of 18 times per

second starting at the beginning of model injection and continuing until

about 3 seconds after the model reached tunnel centerline. After each

injection, the model was cooled to an isothermal state using high-

pressure air and any required control surface deflections were effected

manually.

Uncertainties of the basic tunnel parameters were estimated from

repeat calibrations of the PO and TO instruments and from the repeat-

ability and uniformity of the tunnel flow during calibrations. The

parameters, PO, TOp and MACH NO., with their uncertainties, were then

used to compute the uncertainties in the other parameters dependent on

these by means of the Taylor series method of error propagation.

MACH NO.

.+o._

Uncertaint_t percent

PO Lo

+o. m .+o._ ±l. 2

Estimated uncertainties for the individual terms in Equation (2)

were used in the Taylor series method of error propagation to obtain

uncertainty in values of heat-transfer coefficient as given below:

H(_) Uncertaint_t pe_ent

_-_

IO-3 8

_-2 5

( 15



DATA RE_JCTIC_ (Concluded) j

A complete set of tabulated data is presented in the Appendix.

transfer data for similar shuttle tests in the VKF can be found in

References 6, 7 and 8.

Heat-
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RESULTS AND DISCUSSION

Inspection of the _n TO - TWi vs time data indicated that con-
TO-TW

duction did exist for certain thermocouples. Listed below are those

thermocouples which had noticeable conduction problems. The values of

the heat-transfer coefficients for these thermocouples have unknown

uncertainties and are probably much higher than those listed in the Data

Reduction section. The curve fit length for these thermocouples was

reduced to 13 pts. (_0.68 sec.) starting 0.22 seconds before the model

reached tunnel centerline.

For Data Groups 1-91: T/C's 261, 264, 271, 274, 275, 276, 277, 280,

465, 47o, 476, 478, _81, _85, 487, 490,
491

For Data Groups 92-182: T/C's 261, 26h, 271, 274, 275, 276, 277, 279,

280, 254, 47O, 478, 480, 485, 487, 490,
491

For Data Groups 183-236: T/C's 264, 274, 275, 276, 279, 280, 478, h90,

491, 4_0, 465, _67

For Data Groups 237-284: T/C's 261, 264, 269, 270, 273, 274, 275, 276,

278, 279, 280, 411, 251, A_4, IdAO, 445,

464, 465, 466, 470, 471, 476, 478, 485,
491

For Data Groups 285-351: T/C's 261, 264, 265, 270, 271, 272, 273, 274,

275, 276, 277, 278, 279, 280, 251, 246,

460, h62, 463, h64, h65, h66, 467, h69,

470, 471, 472, 478, 479, h81, 482, _83,
484, 486, 487, 488, 490, 491

Groups 287 and 288 are missing from the data report because of a

malfunction in the automatic data counter mechanism. Groups 30, 106,

140, 180, 256, 291, and 315 have been omitted because of instrumentation

operational problems.

17



RESULTS AND DISCUSSION (Concluded) )

Reduced data for Groups i and 285 were outside acceptable re0eata-

billty bounds. Therefore, these data were removed from the data report.

18
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TABLE I. TEST CONDITIONS i

MACH NO. Po, PSIA To, °_..__R

7.9o _o 270

7.94 210 L_75

7.98 &3o 13oo

8.o0 860 135o

"_F,m'U/S_C-_'_-°R

0.0179

o.o24_

o.o3_7

o.o_91

m_/r_ x io.6

0.5

1.0

2.0

3.7

2O )
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TABLE II. RUN SCHEDULE

DATA GIKEP I_BERS ARE NOTED AT EACH APPLICABLE TEST CONDITION

0

DEGREES

AIPHA-
MODEL

3O

35
_o

DELTA-BF DELTAE i

23.5 o

D_;REES _ RE/I_ X 10-6

0.5 1.o 2.0

0 24 22

k6 23

i0 i 27 20
'25,28 21

49 =26,29

3O

35
_0

o 3o

ko

30
35

o 30
35

1,5

3o
35
40

¥ 1,5

o 25
30

ko
. 1,5

o 25
3o
35
ko
1,5

o 30

ko

1,5

19

r

o

0

o

_r

o

r

o

o

I

o

o

io

f

o

io

o

io

I

o

3.7

32 15

33 16

17
_5 z8

31 19

3h
50,53 35
51,54 36
52

37
253 38
25_ 39
255

265
266

267
268
269

260
!261
1262

263
'264

h2
_3

1

13

Ii
12

7
8

282
2
3

5
283

6,281

21



TABLE IT. RUN SCIlEDIII_ (Continued) )

DATA GROUP NUMBERS ARE NOTED AT EACH APPLTCABLE TEST CONDITION

DEGEEES DEGREESI D_REES DEGREES

AI/EA- DELTA- NOZZLE
MODEL BF DELTAE ROLL

o 3o -12.5 o io

1_5 'r

0

0

0

'I

0

0

3O
35
4O
3O
35
4o

3o

35
4o
30
35
40

3o
35
4o
45
30
35
4o
45

3o

35
30
35

30

35
4o

30
35
4o

23.5 2.5

i

!

i 1_

19

i
i

I_,.5

23.5
i
i

I

'r

19

2.5

2.5

i

5.0

0

10

0

lO

0

10

!,

0
J

10
Y

0

10

•.,,-.--------I_E/I_T X i0"6

0.5 1.0

69
70

67
68

71

72
73

74

15o

151

152

ho
41

!59,272
!58,27(

92
93
9_
89
9o
9]-

83
8_
85
86

87
88

79
80
81
82
75
76
77
78

129
13o

131

132

136
137
138
133
134
z35

2.0 3.7

9
i0

95 ]-09
96 llO

97 Zll
98 i12

lOl 107
102 lO8

99
i00

zo3
lO4

io5
106

127 ]-]-5
128 lz6
125 ]-]-3
126 ].l_

120 117
121 118

122 119

123

22
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TABLE II. RUN SCHEDULE (Continued)

DATA GROUP NUMBERS ARE NOTED AT EACH APPLICABLE TEST CONDITION

CONFIGU-
RATIC_

0

0

0

i
i

I

0
!

0

0

0

1

DEGREES

AIPHA-

MODEL

35
11o

35

16

35
4o

35
hO

35
ko

35
ho

3o

30

3o
35
30
35

3o
35
ho
_5
30
35

3o

35
_o
_5

DEQREES

IDELTA-

BF

23.5

i_.5
I

i

f

_3.5
T

-12.5

DEGREES

DELTAE

5.0 I
I
i i

?.5

7.5 1

I i i
i

I r
J
I -2.5
i '
I

-2.5 ,
I
i

Ir I r

-12.5 -5.o
I

1

DEGREES

NOZZLE

ROLL

O

I
lO

O

IO

T

0

10
V

0

iO

0

I0

146
z_7
ih8

145

155
156

153
154

157
158

159
160

-_.5 -7.5

I' !'

i

0

19;4

195
'f 196 _
i0

¥

0

197
198
199

RE/_ x zo-6

1.O 2.0 3.7
7:

139
z_
141
Z4a
z_3
144

161
162

163
16_

175

176

167 169 174
168 17o L
165 171 173
166 I-Z7_ i

19o
191

192
193
188
189

183
184
185

186

187

210
211

200
201

202

203

179
182
181

! z?7
178i

212

213

23



TABLE II. RUN SCHEIX;I_ (Continued)

DATA GROUP _ ARE NOTED AT EACH APPLICABLE TEST CONDITION

D_REES DEGREES DEGREES DmREES _: RE/FT X lO"6
i

CO_OU-

0
b

i

0

l

3

2

r

0

I

ALPHA _

MODEL

3O
35

1+5

3o
35

3o
35
4o

3o
35
4O

3o

35
40

35
4o

_5

35
40

45

35
ho
45
35
4O

DELTA-

BF

-12.5

0

0

0

0

-12.5

DELTAE

-7.5

-i0

-z5

NCZZLE

ROLL

10

0.5 1.0

2o_

205
2o6

2o7

o 55

I 5657

o 59

6o58

o 6z

l 6263

o 64
6566

0 231 225

232 226

lo 23_

235 229236 230

o 24o 2_3

241 24424e 245
lO 237 246

238 247239 2_8

_mD

2.0 3-7

208 214,216
209 215

223 2Z7
22_ 218

221 219
222 220

Conf_ratton #i:

Con_Iguratlon #2:

Coalition #3:

Hard_are added to body flap to produce a rectangular
plan form.
Wedges added to aft side of fuselage.

Plate extension of _elnge sSde and bod_ flap.

24
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TABLE If. RUN SCHEDULE (Continued)

DATA GROUP NUMBERS ARE NOTED AT EACH APPLICABLE TEST CONDITION

CO GU-I
RATION

!,_ ,: I

0
i

0
O

O

5

DEGREES

AIIKA-
MODEL

35
ho

35

4o
ho

3o
35
_O
1,5
30
35
_O
_5

3o

35

4o

3o

35

DEGREES DEGREES,DEGREES :--_ RE/FT X i0"6
I
I' % .

DELTA- NOZZLE
BF DELTAE i ROLL

23.5 +10 0

I i0
Y

0 i0

0 i0

O O

I0

i

r

-12.5

I r

0

0 o N/A

b
i
1

i

0.5 1.0

251
252
249
250

272
273
274
275
276
277
278
279

3O6 297
309 3OO
312 303

307 298
310 301
313 304

308 299
311 3O2
314 305

315 324
318 327
321 338

316 325
319 328
322 331

317 326
320 329
323 332

z.o 3.7

28O
284

285
295
291

286
296
292

290
29_
293

333
336
34O

334
337
341

325
338
342

Configuration #5: Elevon-elevom gap filled.

* NOTE: Nozzle Roll not defined with "Base Mounted Installation."

25
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TABLE II. RUN SCHEI_LE (Concluded)

DATA GROOP BXMBER3 ARE NOTED AT FACH APPLICABLE TEST CONDITION

COKFIGU-

RATICR

6

D_m_S

ALPHA-

MODEL

30

35

DEGREES _

DELTA-

BF

DEGREES DEGREES _ RE/Ff X i0"6

NOZZLE
DELTAE ROLL 0.5 1.0

o N/A

!r lr _r Ip

2.0 3-7

343
346

. 349

3_7
350

3h5
3_8
351

)

Configuration #6: Construction gaps open.

26
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TABLE III. MODEL DIMENSIONAL DATA

MODEL COMPONENT: BODY - B62

GENERAL DESCRIPTION: Configuration 140C orbiter fuselage, MCR 200-R4.

Similar to 140A/B fuselage except aft body revised and improved mid-

body-wing-boot fairing, Xo ffi940 to Xo = i040.

MODEL SCALE:

DRAWING NUMBER:

DIMENS IONS:

Length (D_:

Length (GML:

o.o175

VLT0-0001_DC, -000202C,

FWD Sta. Xo=238), In.

FWD Sta. Xo--235), In.

Max. Width (At Xo = 1528.3), In.

Max. Depth (At Xo = 1464), In.

Fineness Ratio

Area, FI;. 2

Max. Cross-Sectional

-000205A

SCALE MODEL SCALE

1290.3 22.58

1293.3 22.63

26_..0 h_62

250.0 Z_.38

4.899 ;_.899

3_. 885 o.Zo4



TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL C(HPORERT: CANOPY - C12

GENERAL DESCRIPTION: Configuration l_OC orbiter canopy.

cabin No. 31 updated to MCR 200-R4. Used with fuselage B63.

MODEL SCALE: 0.0175

DRAWING Nt_SER: V570-0OO1_0C, -000202B, -000204

DIMENSIONS:

Length (Xo=434.643 to 578), In.

Max. Width (At Xo=513.127), In.

Max. Depth (Zo=501 to 449.39), In.

FULL SCALE

143.357

152.412

51.61

Veh icle

MODEL $CA!Z

2.5O8

2.667

o.9o3

39



TABLE III. MODEL DD4ENSIONAL DATA (Continued)

MODEL CCMPONENT: ELEVON - E52

G_ERAL DESCEIPTION: Elevon for configuration lhOC. Hingeline at Xo

1387, elevon split llne Xo = 312.5, 6.0", beveled edges, and center-
bodies.

MODEL SCALE: 0.O175

DRAWING NUMbeR: VLTO-OO01_OC, -006089, -006092

DIMENSIONS: FULL SCALE

Area, Ft_ 210.0

Span (equlvz!ent), Ira. 329.2

Inb'd equivalent chord, In. 118.0

0utb'd equivalent chord, In. 55.19

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb 'd equiv, chord

Sweep Back Angles, degrees

Leading Edge 0.0

Trailing _J_ge - 10.056.

Hingeline O.0

Area Moment (Product of area & _), Ft3 1587.25

Mean Aerodynamic Chord, In. 90.7

Hingeline dihedral (origin at

Zo = 261.3509), deg. 5.229

MODEL SCALE

0.062

6. iii

2.O65

0.966

0.0

- lO.O56

0.0

o.oo8

1.587

5.229

)

4o )



(
TABLE III. MODEL DIMENSIONAL DA_A (Continued)

MODEL CCMPONERT:

GENERAL DESCRIPTION:

at Xo = 1532, Zo = 287.

MODEL SCALE: 0.0175

DRAWING I_4BER: VL70-OO01_OC, -355114

DIMENSIONS:

Length, (Xo-1525.5 to Xo=1613), In.

Max. '_idth, (At L.E., Xo=1525.5), In.

Max. Depth (Xo = 1532), In.

Area, Ft2

Max. Cross-Sectional (At H.L.)

Planform

Base (Xo = 1613)

BODY FLAP - FIO

Configuration 140C body flap.

FULL SCALE

87.5o

256.oo

19.798

35.196

135.oo

4.89

Hingeline located

MODEL SCALE

1.531

h._8o

0.346

0.011

0.041

0.0015

41



TABLE III. MODEL DIMENSIONAL DA_IA (Continued)

MODEL COMPONERT: 0MS POD - MI6

GENERAL DESCRIPTION: Configuration 14OC orbiter OMS Pod - Short pod.

MODEL SCALE:

DRAWING NLMBER:

DIMENSIONS:

o.o175

VL70-008401, -008410

Length (0MS Fwd. Sta. Xo=1310.5),

Max. Width (At Xo = 1511), In.

Max. Depth (At Xo = 1511), In.

Fineness Ratio

Area, Ft2

Max. Cross-Sectional

_JLL SCALE MODEL SCAT-Z

In. 258.50 4.524

136.8 2.394

74.70 1.3o7

2.484 2.484

58.86_ 0.o18

42
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( TABLE llI. MODEL D_24_?SIONAL DATA (Continued)

MODEL CCMPON_NT: RUDDER- R18

G_TERAL DESCRIPTION: The rudder is a secondary movable airfoil at the

trailing edge of the vertical fin that imparts yaw forces. This
dimensional data was calculated fr_n the _ master dimensions.

MODEL SCALE:

DRA_ING NUMBER:

DI_4ENSIONS:

Area, Ft2

Span (equlvalent), In.

Inb'd equivalent chord, In.

0utb'd equivalent chord, in.

Ratio zovable surface chcrd/

total surface chord

At Ir:o'd equiv, chcrd

At Outb'd equiv, chord

Sweep Back Ambles, degrees

Leadi._ EdEe

Traili_ng Edge

Hingeli_e

0.0175

Vehicle 5 Configuration MCR 200, Rev. 7

FULL SCALE MODEL SCALE

97.84 0.030

198.614 3.476

91.07 1.699

50.8o 0.889

Area Moment (Product of Area & [), Ft3

Mean Aerodynamic Chord, In.

o.4oo o.hoO

o.4oo o._o0

34.833 34.833

26.249 26.2_9

34.833 34.833

593.889 0.032

72.84O 1.275

43



TABLE 777. MODEL DIMenSIONAL DATA (Continued)

MODEL C_MPO_ENT: VERTICAL - V8

GENERAL DESCRIPTION: Configuration I_OC orbiter vertical tail

(identical to configuration I_DA/B vertical tail).

MC_EL SCALE: 0.0175

DP_WINO _ VLT0-O001_OC, -0001h6B

DIMER6IOR8:

TOTAL nATA
FULL SCALE

Area (_meo.), zt 2
Planfozm _13.253

MODEL SCALE

O. 127

Span (Theo.), in. 315.72 5.350

Aspect Ratio 1.675 1.675

Rate of Taper 0.507 0.507

Taper Ratio 0._0_ O. _34

Sweep Rack Angles, degrees

Leadiu_ _e
Trai_tng Edge
0.25 Element Line

45.000
26.25

41.13

45.ooo
26.25
41.13

Chords:
Root (_eo.) wP

MAC

. 8ta. of ._

W.P. of .25 MAC

B.L. of .25 MAC

268.50
I08.47
199.81

1463.35

635.52
O.O

4.699
1.898
3.h97

25.609

11.122

O.O

Airfoil Section

Leading Wedge Angle, de_.
TraiLing Wedge Angle, deg.

Leading Edge R_dius

Void Area

i0.00

14.92
2.00

13.17

i0.00

i_.92
2.00

o.oo_o

Blanketed Area 0.0 0.0

)
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(
TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONE_: WING - WII 6
GENERAL DESCRIPTION: Configuration 5. NOTE: Identical to Wll _ except
airfoil thickness. Dihedral angle is along trailing edge of wing.

Geometric twist = 0.

MODEL SCALE: 0.0175

DS_4ENSIONS:

TOTAL DATA

Area (Theo.), ft2

Plan form

Span (Theo.), in.

Aspect Ratio
Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Angles, degrees
Leading Edge

Trailing Edge

0.25 Element Line

DRAWING NO. : VLTO-OOI_OA, -000200

FULL SCALE MO_EL SCALE

2690.0 O. 824
936.68 16.392

2.265 2.265
1.177 1.177

3.500 3•500
0.5oo 0.500

_5.ooo _5.ooo

- lO.O56 - lO.O56

35.2o9 35.209

Chords:

Root (Theo.) B.P.O.0. 689.2_ 12.062

Tip, (Theo.) B.P. 137.85 2._12
MAC 47_.81 8.309

Fus. Sta. of •25 MAC 1136.83 19.895

W.P. of .25 MAC 290.58 5.085

B.L. of .25 MAC 182.13 3.187
EXPOSED DATA

Area (Theo.), ft2 1751.50 0.536
Span, (Theo.), in. BPI08 720.68 12.612

Aspect Ratio 2.059 2.059

Taper Ratio 0.2_5 0.245
Chords

Root BPI08 562.09 9.837

Tip i.O0 b/2 137.85 2. h12
MAC 392.83 6.875

Fus. Sta. of .25 MAC 1185.98 20.755
W.P. of .25 MAC 294.3o 5.15o

B.L. of .25 MAC 251.77 _.4o6
Airfoil Section (Rockwell Mod NASA) XXXX-6_

Root b/2 : o. ll3 O. ll3
Tip b/2 ,= o. 12o o. 12o

Data for (1) of (2) Sides

Leading Edge Cuff o
Planform Area, ft_ 113.18 0.035
Leading Edge Intersects Fus M.L. @ Sta 500.00 8.750

Leading Edge Intersects Wing @ Sta i02_.00 17.920
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TABLEIV. MODEL INSTTSMENTATION LOCATIONS )

m

NO.I b

246 ._00

24?
248

2k9

250

251

252 _

.60

25_

255

,256 i

25?

258

260

261

262 .70

263
264 _

265 •?5266

267

268

269
270 _I

271 .80

2?2 •9o

273
274

275 •95
276

277

2?8

279 _i
28o.....

SCALE

x/c Zo

.051187•3

•201 I
.ko

.601 ,

.951 I'

1281.0
•05 I

•zoI
.20_
•1_0

.60

.85 _

• 95 !

•20 327.83

•9O

.i0 35:1..25

.20

.140

.601

.8o

,90

.9o 37_.69

.20 h21.5o

.2o 44_.91

.4o

.50

.70

.80 i

MODEL SCALE ELEVON

LE 7o _/c

SKIN

_ICKNESS

(I_S)

.02k

.028

.024
•020

•030
x .029

X •025

.Oll

.021

.o25

.027
.024

X

X

X

X

X
X

X

X
X

.027

•020

.024

.025

.o28

.023

•023

.025
•022
.024

.028

.029

.025

.025

.o3o

.023

•o3o

.025

.028

.029

.028

MAT'L

i

Wing Upper Surf
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(
TABLE IV. MODEL INST_JMENTATION LOCATIONS

_Io!=,_SCA_iM0_=SCAI__._,o_
.o.I...../o ,o "°
2_

247
s_

249

25o
25!

252

254

255

256
257

258

260

261

262

263

26_

265

266

267
268

269

270

271

272

273
27_

275
276

277

278

279
28O

._0

!

!

.60

'r

.70

I
.75

i

.I:)

.!3

.05

.20

._0

.60,

.75

.80

.95

.05

.i0

.20

._0

.6o

.85

.95

.20

.20

•4o

• 6o i

•50

•ToI

i

i
I
I
l

I
281.o

!
t

: I

351.25

i

37_.69
_1.5o

'I

.483 3.278

1.753

3.5o6

5.s58

6.573
7.011

8.326 1

%.918
.31A

.627

1•254

2.509

3•763

5.331

5.958 'I

1•o61 5.737

2.123 !
_.776 l

.483 6.1_7

.965
1.93o

2•895 _
3•860 i
_.3_3 ! Ir

3.9o8 6.557

•675 7.376

1.351
2.026 _

•552 7.786
1.103

J-.37911
1.93o i

2.206 I,2.k_1 '

X

X

X

X

X

X

X

X

X

X

X

(,licllm)l

.02_

.028

.024

•020

.030

.029

.025

.011

.021

.025

.027

.02_

.O27

.020

.02_

.025

.028

.023

.023

.025

.022

.02_

.028

.029

.025

.025

.03o

.023

.o30

.025

.028

.029

.028

MAT'L

17-_ Wing Upper SurfJ
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TABLE IV. MODEL INS_TION LOCATIONS (Continued)

Lower Left SS_E Nozzle T/C Locations

(Note Material)

Tic x m_ _T
NO. PLANE F.S.

4o8 5.o

_o9

_ii

413

414

415 I0.0

?

i

418 I
i

_o 15 .o

t

_3 25.0

_7 45.o

X FR(M EXIT

PIANE M.S.

0.088

0.175

0.263

o.438

o.788

¢n
DK;REES

315

0

45

65

9O

135

o

65

9o

0

45

9o

0

45

65

9o

45

MAT'L

15-5

i

I,

SKIN

T_ICKNESS

.030

.031

.o315

.032

.032

.0325

.o3o5

.o315

.032

.029

.0295

.030

.0255

.026

.026

.026

.027

Smooth

Nozzle

(h28 through 431 on heat shield)
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TABLE IV. MODEL INSTRUMENTATION LOCATIONS (Continued)

Lower Right S_4E Nozzle T/C Locations

(Note Material)

T/c
NO.

432

433

434

435

436

437

438

439

4ho

441

4_2

443
444

_5

4_

447
448

449

450

451

452

453

x _ EXIT iX FROM EXIT
?UU_ F.S. iPUreE M.S.

5.0

i0.O

!

I

ir

15.42

25.o

i o.o88
i

i
I
i

Ir

o.175

I
i
I

o.27o

_n iMAT, LDEGREES

315 17-4

0

25

45

65

90

135

0

25

45

65

9O

0

25

45

65

90

0._38 0

25

45

65

9O

i SKIN
_HICKNESS

(INCHES)
.0289

.O298

.0285

.0297

.0298

•0292

.0307

.0299

.0285

•0292

.0296

.o288

.0274

.0290

.0280

.0278

.0282

.0288

.0291

.0286

.0295

.0291

!

_RKS

iNozz%....
iW/Hat Bands

I

i

I

!

!
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TABLE IV. MODEL INSTRUMENTATION LOCATIORS (Continued)

T/C
NO.

46o .5oo

462 .600

463 .650

_64 .7oo

_65 .725

466 .750

h67 .775

468 .8oo

469 .825

470 .85o

471 .875

47_* .925

277 .95o

_73 .975

FULL SCALE

Xo Yo

1373.54

Upper Wing T/C Locations

SKIN
MODEL SCALE

THICKNESS MAT 'L I

Xo Yo (r_OHES)
RI/MARKS

234.17 24.036 4.097 .0280

281.00_

304._i

327.838

339.5h6

351.255

4.917 .0290

5.327 .0290

5.751 .03OO

5.9_ .0290

6.146 .0270

i17-_

!

i

1
+

Wing Upper Surf.

362.963

i374.672

_386.380

6.351 .o24o

6.556 .o2_o

6.761 .o240

398.089

409.797

433.214

_4_.923

456.631

6.966 .o25o

7.ZTZ .0260

7.58l .0270

7.786 .o25o

7.991 .0200

* SPAN (b) = 936.68 in full scale

** T/C 271_REF. 2Y/B : .900

5O



(
TABLE IV. MODEL INS_ON LOCATIONS (Concluded)

FJLL SCALE
T/C 2Y

__o. _- x/cl _o

i476 .70o .60 1327.83
i

477 .75o .50 i351.25
|

I_78 .8OO.lO 137 .6 
 oli

48O

_I

482

.5O

t

483 .825 -- 386.00 i24.33

484!

485! ,r

_i .85o

.85
I

It

.10 397.9_

.3o

4881 .40

h89 .5o
i

490! 'r -- T

49zi .900 .90 _z.5o

MODEL SCALE

3.485

3.690

.386

1.158

I. 54_,

2.000

24.33 }

3.033

x_ Yo

3.125 5.737

2.41.1. 6. zb,7

•_35 6.557

1.3o5

1.740

2.171

24.33 Xo I,

6.756

I

I

6.%4
I
I

i

Xo I

7.376

ELEVON

T/C

X

X

X

X

X

X

SKIN

_IC"KITESS

(INCHES)

.0300
I

.0280
i

.o31o

I .0320

.0320

.0320

.0250

.0280

.o25o

I .O290

.o32o

.0300

.o3oo

.o3oo

.o29o

.O290
I

1

MAT 'L i R_RKS
t

!

-I
t

17-4 IWing Upper

I Surf.
t r
, I
I r

I

' lI

' t
i i
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AND

FI_QO
AMP, NO.

I.

1

2

3

5

6

7

8

9

io

11

12

z3

Z5

16

17
18

z9

20

21

22

23

24

25

I_JSEP(_T

NO,

1

2

3

5

6

?

8

9

10

11

12

Z3

Z4

Z5

16

17
Z8

Z9

20

21

22

23

24

25

TABLE V. _EHMOCOUPI_ HOOKUP

Hookup for Groups i - 28_)

_08T

AND

CONNECTION
_EI_OCOOPI_ AMP. NO. NO. _E_MOCOUPLE

26Z55

256

257

258

260

261

262

263

264

265

266

267

268

269

270

271

272

273

275

z76

277

Z?8

279

zSo

26

27

28

29

30

31

32

33

34

35

36

37

38

39

_0

41

_3

_5

46

47

_9

5o

27

28

29

30

31

32

33

34

35

36

37

38

39

4o

4z

42

43

_5

46

47

48

_9

50

bo8

_o9

25o

hll

b,12

_13

_i_

251

_6z

_18

_19

423

_5

427

z_32

Z_33

_3_

Z_35

h36

52



(
TABLE V. _EE_OCOUPLE HOOKUP (Continued)

(Hookup for Groups i - 284)

51

52

53

54

55

56

57

58

59

60

61

6Z

63

64

65

66

67

68

69

1'o

71

73

74

51

52

53

54

55

56

57.

58

59

60

61

62

63

64

65

66

67

68

69

7o

71

72

73

CHANNEL
PUSIIPO6T

•R_OCOUPLE NO.AMP. NO.

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

9o

91

92

93

94

95

96

97

98

75

76

77

78

79

8o

81

8Z

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

437

438

439

_o

441

4_2

443

_44

44_

446

447
4_8

449

45o

451

452

453

46O

_2

_64

465

_66

467

_68

469

_7o

471

472

473

8Z

477

478

4T9
"480

481

482

483

I_84

485

486

487

488

489

490

491

35
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TABLEV. _ER40C0UPLE HOCKUP (Continued)

AND

(Hookup for Groups 285 - 351)

B_
CE_mEL
AND

CORR_"F_ GI
|

_ER4_0UP_
NO.

PUSHPOST

1

2

3

5

6

7

8

9

I0

ii

12

13

14

15

16

17

18

19

20

21

22

z3

24

25

1

2

3

4

5

6

7

8

9

i0

ii

12

13

14

15

16

17

18

19

20

21

22

23

24

25

";r

255

256

257

258

26O

2£.i

262

263

26_

Z65

Z66

267

268

269

270

m'2

273

_4

275

276

Err

278

279

28o

26

28

29

30

31

32

33

34

35

36

37

38

39

_o

41

4)
_4

45

46

4_

48

49

5o

26

27

28

29

3o

31

32

)3

34

35

36

37

38

39

_0

41

4)
44

45

_6

_7

48

49

5o

_ERMOC(XJPLE

250

25_

2_

2_'i'
248

2t_9

252
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(
TABLE V. _I_ERMOCOUPLE HOOKUP (Concluded)

PUSI_O6T

(Hookup for Groups 285 - 3511

BECKMAN

CHANNEL

AND AND

_ERMOCOUPLE

FUSHPOST

CONNECTION
NO. _ERMOCOUPLE

51

5Z

53

54

55

56

57

58

59

6O

61

62

63

64

65

66

67

68

69

7o

71

72

73

74

51

52

53

54

55

56

57.

58

59

60

61

62

63

64

65

66

67

68

69

7o

7z

72

73

74

r

46o

_2

463
_54

465

_56

467

75

76

77
78

79

8o

81

82

83

84

85

86

87

88

89

90

9z

92

93

94

95

96

97

98

75

76

77
78

79

8o

8Z

82

83

84

85

86

87

88

89

90

9Z

92

93

94

95

96

97

98

468

_69

47o
471

472

_73

82

476

477

478

479

48o

48z

482

1,83

484

485

486

_87

488

_89

49o

491

35

55
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APPENDIX

TABULATED SOURCE DATA

INDEX

Volume Data Set

Ol thru 18, 20 thru 27,

29 thru 76, I01 thru 112,

115 thru 120, 123 thru 163,

173 thru 176, 207, 219,

220, 230, 231, 253, 254,

319

Same as above plus 77A,B,C

thru 85A,B,C.

Component

L = Left SSME Nozzle

R = Right FSME Nozzle

W = Wing Upper Surface

Page No.

1-277

278-830

831-1500

66
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